Agriculture is the mainstay in Indian Economy and only sustainable agriculture is likely to provide the long-term benefits required to achieve development and scarcity improvement. The research and advancements in agriculture have made available huge amounts of data in different areas of agriculture. It is a great challenge to extract knowledge from data and this has led to methods and techniques such as decision support system that can bridge the knowledge gap. The effectiveness of decision making in agriculture domain can be improved by integrating geospatial information and advanced information technology techniques. This paper reviews and summarizes the application of simulation based decision support system, advisory decision support system in different agriculture practices in Indian context.
INTRODUCTION
Agriculture and its allied sectors are the principal sources of livelihood for more than 58% of the population in India. It plays a significant role in the overall socioeconomic development of India. As per the Advance Estimates (AE) of the Central Statistical Organization (CSO) for the year 2010-11, the agricultural sector has contributed about 14.2 percent to the GDP, at 2004-05 prices. As per International Trade Statistics 2010, published by World Trade Organization (WTO), India's agricultural exports in 2009 amounted to Rs. 94520 Crore (US $ 17 billion) with a share of 1.4% of world trade in agriculture [1] . The total output from the agriculture and allied sectors has increased from 20% in Triennium Ending (T.E.) 1990-91 to 25% in T.E. 2009-10 at 2004-05 prices. Currently food grain production constitutes about one fifth of the total value of output from the agriculture & allied sector which is less than the contribution of the livestock sector and almost equal to that of the horticulture sector [1] . The Indian farmer's 73.33% households rely only on income from agriculture and 26.66% farmers get income from other sources like dairy, business, labor and livestock. 76.66% of farmers selling crops in nearby market and 23.33% of farmers are selling their crops in their own village or to private money lenders [2] . The statistical substantiation illustrates that sustainability of agriculture will provide long term benefits to achieve the development and scarcity improvement. The paper presents the comprehensive study of the use of decision support system in sustainable agriculture in Indian context. 
NEED FOR DECISION SUPPORT IN AGRICULTURE
Sustainable Agriculture production and processing systems have become more complex with involvement of biological, chemical, physical processes such as soil, water, climatic scenarios and crop management practices respectively [3] [4]. Decision Support System (DSS) offers a framework within which complex systems can be represented in a structured way, allowing them to be more easily understood and helping to draw out additional information and new insights [5] . It is an interactive computer based expert system that helps decision makers to utilize data and models to solve unstructured problems [3] . The applicable use of successful decision support can assist in the sustainability of agricultural resources. Based on the important parameters in agriculture such as type of soil, seed, irrigation, fertilizers, and climatic data the activities in agriculture management can be classified into different categories ( Figure 1 ). For effective and sustainable agriculture management decision support system at each of these activities is very much essential. [7] . The DSSAT was then modified depending upon the type of crop and agriculture environment ( Figure 2 ).
Figure 1 Activities involved in Agriculture Management
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Figure 2 Types of DSSAT
The conventional DSSAT model considered crop predictions on the basis of only soil and plant Nitrogen (N) contents. Along with nitrogen, phosphorus (P) is a major nutrient required in plant growth and reproduction. Land degradation has caused soil P-deficiency which results in a decrease in crop productivity and land cover, increased vulnerability to soil erosion. To resolve this DSSAT was redesigned with soil and plant phosphorus model which is called as DSSAT-P model which helped in simulation of crop growth in Pdeficient environments [8] . DSSAT was also extended to simulate crop yield, nearsurface soil water contents, and cumulative nitrate-N losses associated with regular free tile drainage (TD) and controlled tile drainage with optional subsurface irrigation (CDS). This model has given considerably better results to increase crop yield in uneven rainfall areas [9] . Crop specific DSSAT was combined with Root Zone Water quality model (RZWQM), which simulated detailed yield components, leaf numbers, and phenological development for specific crops. The results of the simulations showed that once a plant growth module is calibrated for a site it could give reasonable results for that climate and soil conditions and they are less affected by soil water and nutrient status. [10] . In addition to DSSAT other different DSS were also developed and applied in different areas of agriculture (Table  2) . Cropping System Simulation Model (CropSyst) is another simulation based DSS model linked with Geographical Information System (GIS). It uses the identical approach to simulate the growth and development of all herbaceous crops using periodic biomass and Leaf Area Index (LAI). It helped to decide water saving and water productivity policy for rice crop in Punjab by integrating crop management practices such as transplanting date, type of seed and irrigation (Table 3 ) [13] . Indian Agriculture Research Institute (IARI) then evaluated CropSyst and CERES models, and results of evaluation demonstrated that these models can be effectively applied for on farm management activities such as irrigation and soil nitrogen management [14] .
The CROPGRO -Soybean model is a part of DSSAT, which was used to successfully simulate climatic change, growth and yield of soybean for four major states as Madhya Pradesh, Maharashtra, Rajasthan and Karnataka which together contribute 98% of soybean area in India [15] [16] [17] . It was also used to estimate the potential yields in water limiting and water non-limiting areas and also to estimate yield gaps for major soybean regions of India (Table 3) [17].
DSS in crop water requirements management
DSS is also applied to careful management of water resources, crop water requirements. Crop water requirements depend on the factors such as evaporation, evapotranspiration, meteorological factors such as solar radiation, air temperature, humidity, wind speed etc. [18] .
CROPWAT 
DSS in irrigation scheduling
DSS based on climatic data
Climatic parameters such as temperature, rainfall, sunshine hours play a very important role in crop production. DSSATCropping System Model (DSSAT-CSM) was also applied to study impact of climatic parameters in rice-wheat system productivity over the Indo-Gangetic plains of India. The comparison of observed and simulated rice and wheat yield showed that, along with climatic parameters crop productivity can be improved by integrating biotechnological advancements and precision farming (Table 3 ) [28] .
A simulation based multi-year, multi-crop and daily time step cropping based model called as "Crop Production and Management (CROPMAN)" model was used in Punjab to study the effects of different dates of transplanting and weather parameters on yield, evapotranspiration and water productivity. The analysis showed that rice yield in Punjab can be increased by shifting of transplanting from mid May to lower June onwards (Table 3 ) [29] . It was also simulated to study grain yield of cheakpea crop for semi-texture soil of Punjab for rice-cheakpea cropping pattern. It was observed that grain yield is increased with rice-cheakpea cropping pattern than rice-wheat pattern. It also successfully concluded that irrigation water requirement is more in the environments of low rainfall and coarse-textured soils compared to mediumtextured soil and high rainfall areas [30] .
Evapotranspiration is a basic component hydrological cycle and plays a significant role in crop yield, ground water recharge and land use planning. The DSS-ET, decision support system was designed using climatic data of different ecosystems in India for estimation of evapotranspiration. The DSS was helpful as a research and teaching tool and intermediate parameter estimation and for missing data estimation [31] [32].
DSS in advisory system
Advisory DSS is playing extremely important role in Indian agriculture. e-Sagu, farm specific DSS developed by IIIT, Hyderabad, and Media Lab Asia under the aegis of Media Lab Asia which helped to improve farm productivity by delivering high-quality farm specific agro-expert decisions in a timely manner to each farm at the farmer's doorsteps. The advice was provided at all stages of cultivation of crops from sowing to harvesting, which reduces the cost of cultivation and increases farm productivity as well as quality of Agricultural commodities (Table 3 ) [33] . "mKRISHITM" DSS tool developed by Tata Consultancy Services and was deployed in Borgaon village, Maharashtra, for proper nutrient and pest management advice for grape farms through mobile phones (Table 3 ) [34] . Integrated Pest Management is an important parameter in agriculture. An Integrated Pest Management (IPM) DSS called as "Cell Phone" was developed for sustainable plant protection of south 24 paraganas, West Bengal. The DSS helped for sustainable IPM by creating continuous awareness among farmers and in turn to improve crop productivity (Table 3) [35].
CONCLUSION
It is observed that in India, simulation based techniques are widely applied in different areas of agriculture such as to increase crop yield, crop water requirements, on farm irrigation scheduling, and to study the impact of climatic parameters. Information Communication Technology based advisory systems are also playing an important role in Indian scenario. In India majority of the rural population lives in rain-fed regions, therefore challenge before Indian agriculture is to transform rain-fed farming into more sustainable and productive systems to better support the population dependent on it. The soil nutrient parameters such as Nitrogen (N), Phosphorous and Potassium (K), the other parameters such as soil water content, evapotranspiration, evaporation, soil water restoration index and soil minerals play important role in crop productivity. There is a need to develop a DSS for effective management and utilization of soil nutrients. The literature also shows that there is a need to develop a GIS based decision support systems in India. The expert systems based on spatial database on agriculture will improve the performance on agriculture management which in turn will be helpful for sustainable agriculture management in India. 
